Simulation of a Sub-Sea Gas Pipeline in Persian Gulf to Estimate the Physical Parameters  by Esmaeili, A.
 Procedia Engineering  42 ( 2012 )  1634 – 1650 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.07.557 
20th International Congress of Chemical and Process Engineering CHISA 2012 
25 – 29 August 2012, Prague, Czech Republic 
Simulation of a sub-sea gas pipeline in persian gulf to 
estimate the physical parameters 
A. Esmaeili a* 
aIslamic Azad University, Tehran-South Branch, Chmeical Engineering Department, Ahang Blvd., Tehran, 1777613651, Iran 
 
Abstract 
Two-phase gas-liquid flow along pipeline will tend to unavoidable non-stable condition e.g. slugging flow. Slug flow 
can pose serious problems to the equipments and operator of these flow systems. High fluctuating rates of gas and 
liquid can severely reduce the production and in the worst case shutdown or damage topside equipments like free 
water knock out drums. The modelling of two-phase flow systems over recent years become commonplace. This has 
been a direct result of stringent requirements to adopt the latest technology in health, safety and pipeline integrity 
analysis. In recent study, the carbon steel sub-sea pipeline with outer diameter 32 inch (ID. 30 inch) in order to 
transfer sour gas from South Pars gas field to a gas refinery with capacity 2000 MMSCFD for two phases (each phase 
1000 MMSCFD) in south of Iran which has approximate length of 87 km is considered to simulate with PIPESIM 
software based on Beggs & Brill correlation for slug prediction in both vertical and horizontal pipes as well as     
Peng-Robinson equation of state to estimate gas physical properties. Based on our studies by increasing flow rate the 
amount of holdup and slug is decreased so that from 200 MMSCFD up to 1000 MMSCFD this value is almost 
decreased 32% in the riser. In such simulation, care must be taken during the gathering of data for the parameters like 
pipeline elevation changes, flow and composition of fluids and pipeline operational pressure and ambient 
temperature. 
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1. Introduction 
In oil and gas field development, interfiled pipelines are widely used to transfer two-phase fluid from 
wellhead to offshore platform for treatment and processing. Most of partial conditioned gas and partial 
stabilized condensate will be transferred to onshore plant via sub-sea pipeline for further operations. The 
development of slugs of liquid in multi phase pipelines is a major and expensive trouble for oil and gas 
producers. A lot of money and effort has therefore been spent trying to avoid the problem associated with 
slug flow; for example by installing slug catcher on-shore or increasing the size of the first stage 
separators to provide the necessary buffer capacity. The fluid produced offshore is transported through 
pipelines as a complex mixture of oil, gas, water, MEG and sand, one common flow regime is known as 
slug flow in which the liquid flows intermittently along the pipes in a concentrated mass, called a slug. 
The prediction of flow characteristic (e.g. pressure drop and liquid holdup) in two-phase gas-liquid flow 
in pipes is of particular interest to the petroleum, chemical and nuclear industries. These pipeline 
networks are large and intricate, consisting pipes, compressors, valves, pressure reducers, etc. Transition 
flow conditions, which could typically last for several hours, are usually introduced in these systems 
during operation due to (i) changes in inlet and outlet flows / pressures, (ii) starting and stopping of 
compressors and (iii) changes in control set points [1].  Because slug flow is highly complex and unstable, 
thus it is difficult to predict the pressure drop, heat and mass transfer. But in general, prediction of slug 
characteristics is essential for the optimal, efficient, safe and economical feasible design and operation of 
such systems. In addition, the flow nature will vary depending on whether the pipeline is horizontal, 
vertical or inclined. 
 
The flow regime doesn't affect the pressure drop as significantly in horizontal flow as it does in 
vertical flow, because there is no potential energy contribution to the pressure drop in horizontal type. It 
has long been known that the primary parameters affecting the occurrence of a flow pattern in two-phase 
flow (at a certain inclination) are the flow rates, although fluid properties and geometrical characteristic 
of pipe (shape, equivalent diameter, inclination angle, etc) play an important role [2]. The flow regime 
can be classified in three main categories: 
 
x Segregated flow, in which two phase are in most parts separate so that is included: Stratified smooth; 
Stratified wavy and Annular. 
 
x Intermittent flow, in which gas and liquid are alternating and contains: Slug flow and Plug flow  
 
x Distributive flow, in which one phase is dispersed in other phase 
 
In the segregated flow, the gravitational separation is complete so that gas flows at top of the liquid 
flow. Annular flow occurs at high gas rates and relatively high liquid rates and consists of an annulus of 
liquid coating the wall of the pipe and a central core of gas flow, with liquid droplets entrained in the gas. 
Gas-liquid flow in inclined pipes has been studied by a number of investigators so that Beggs and Brill 
observed that inclination angle significantly affects liquid holdup and pressure drop. Barnea et al. 
reported that in down flow the stratified region is considerably expanded as the angle of inclination 
increases and higher liquid flow rates are required for the transition to intermittent flow [2]. In general, 
the transition from one flow pattern to another is not abrupt, except for the transition to intermittent from 
stratified flow at low gas velocities.  
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Slug flow is included large liquid slugs alternating with high velocity bubbles of gas that fill almost the 
entire pipe. In plug flow, large gas bubbles flow along the top of the pipe. Since fluid route is rarely either 
vertical or horizontal in such long distance piping, two-phase inclined flow predominates over the 
expanse. For both horizontal, up-flow (flow up lines inclined positively from the horizontal) and down-
flow (flow down lines inclined negatively from the horizontal) a number of flow regimes are possible. For 
horizontal and up-flow, Bonnecaze et al. have found that slug flow predominates for conditions typically 
encountered in pipeline applications. Based on the data contained in two papers presented by Gallyamov 
and Goldzberg to estimate holdup for stratified down-flow, it was proposed that the normal depth of 
liquid along two-phase down-flow of a gas-liquid mixture in a pipe takes on the following form [3]: 
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The steps of slug formation are included as [4]:  
 
1.  Liquid and gas flow concurrently into a pipe. Near the entrance the liquid flows as a stratified phase 
with the gas passing above. At gas and liquid velocities under which slug flow takes place, the 
liquid layer decelerates as it moves along the pipe. As a result, its level increases, approaching the 
top of the pipe. At the same time, waves appear on the liquid surface. Eventually the sum of the 
rising liquid level plus the wave height is sufficient to bridge the pipe momentarily blocking the gas 
flow. (See Figure 1A, B, and C). 
 
2.  As soon as the bridging occurs, the liquid in the bridge is accelerated to the gas velocity. The liquid 
appears to be accelerated uniformly across its cross-section, thereby acting as a scoop, picking up all 
the slow moving liquid in the film ahead of it and accelerating it to slug velocity. By this 
mechanism, the fast moving liquid builds its volume and becomes a slug. (See Figure 1D.). 
 
3.  As the slug is formed and moves down the pipe, liquid is shed uniformly from its back and forms a 
film with a free surface. This liquid in the film decelerates rapidly from the slug velocity to a much 
lower velocity as controlled by the wall and interfacial shear.  
 
4.  Once a slug is formed as it travels down the pipe it first sweeps up all the excess liquid which had 
entered the pipe since the last slug was formed. From that point on it picks up liquid film which has 
been shed from the preceding slug. Since the slug is now picking up liquid at the same rate that it is 
shed, its length stabilizes. 
 
5.  The slug has a higher kinetic energy than that of the liquid film. Thus, the film penetrates a distance 
into the slug before it is finally assimilated at the slug velocity. This over-running phenomenon 
creates an eddy at the front of the slug which is essentially a mixing vortex. The distance of 
penetration constitutes the length of the mixing eddy. In this mixing zone, gas is entrapped due to 
the violent mixing operation.  
 
6.  As the gas rate and consequently the slug velocity increase, the degree of aeration of the slug 
increases. Ultimately the gas forms a continuous phase through the slug. When this occurs the slug 
begins bypassing some of the gas. At this point the slug no longer maintains a competent bridge to 
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block the gas flow so the character of the flow changes. This point is the beginning of              
“blow-through’’ and the start of the annular flow regime. 
 
 
Fig. 1. The sequential steps of slug formation 
When liquid and gas are flowing together in a pipeline, the liquid can form slugs that are created by 
gas pockets. The formation of slug can be caused by variety of mechanism: 
 
x Hydrodynamic effects (surface waves) 
x Terrain effect (dip in pipe layout) 
x Pigging 
x Start up and blow down 
x Flow rate or pressure changes (flow induced) 
 
Hydrodynamic slugs, in horizontal and near horizontal pipes, are formed by waves growing on the 
liquid surface for a height sufficient to completely fill the pipe. The hydrodynamic slugging is difficult to 
prevent since it occurs over a wide range of flow conditions. Shift in equilibrium results liquid formation 
or flashing and subsequently leads to slug formation. The repeating impacts of hydrodynamic slugging 
can cause fatigue. It can therefore be useful to predict the slug volume, velocity, and frequency of such 
slugs. Gregory and Scott concluded that slug frequency is dependent on pipe diameter so that proposed 
correlation was given as [5]: 
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Terrain slugging is typically created by a stratified flow near a dip in a flow line, well, or riser, and can 
in principle only occur if there is downward flow. For purely riser-induced slugging, the liquid does not 
move until gas pressure behind the blockage builds up high enough to push the liquid out of the low spot 
as a slug (overcomes the gravitational head of the liquid) [6]. In a riser, the slug will decelerate as the line 
upstream of the slug packs up to provide the pressure to overcome the increasing hydrodynamic head in 
the riser. As the slug leaves the riser the hydrodynamic head is reduced so that the upstream gas bubble 
expands and accelerates the slug into the separator. Large flow rates initiated by severe slugs can cause 
major problems for topside equipment like separator vessels and compressors. Initially, hydrodynamic 
slugs are relatively short, however, the slugs can gather together to form longer slugs, while terrain slugs 
can be hundreds of meters long. Usually, in the early stages of production, terrain slugging would be 
expected because of low flow rates, while normal slug flow would be expected for the rest of the time. 
 
Other types of slugging are initiated by pipeline operations. Pigging of a pipeline causes most of the 
liquid inventory to be pushed from the line as a liquid slug ahead of the pig. The pig and the slug in front 
of it move at a velocity that is equal to the gas velocity behind the pig. When the liquid exits the line, the 
volume of liquid ahead of the pig is equal to the liquid holdup in the line minus the amount of leakage 
past the pig minus the amount of liquid produced while the pig is traversing the pipeline. Shut down of a 
line will drain the liquid that is left in the line down to the low points. During restart the accumulated 
liquid can exit the pipeline as a slug. Slugs may also form during depressurization due to high gas 
velocities. Also, slugs may be produced as a result of transient effects such as pressure or flow rate 
changes so that increasing or decreasing the flow rate of either gas or liquid leads to a change in liquid 
holdup. This can come out in the form of a slug, depending on the flow rate. For example, if a line 
operating in stratified flow is subjected to an increase in gas flow rate or total production rate; one or 
more slugs may be produced as the equilibrium level drops towards a new steady state condition. 
 
Nomenclature 
a  Parameter in Peng-Robinson equation of state 
A  Pipe Cross section (m2) 
b  Parameter in Peng-Robinson equation of state  
B(θ)    Inclination factor (unit less) 
d  Pipe diameter (m) 
D  Pipe internal diameter (m) 
ED  Internal energy per unit mass of droplets (kj/kg) 
EG  Internal energy per unit mass of Gas (kj/kg) 
EL  Internal energy per unit mass of Liquid (kj/kg)) 
EL(0)   Liquid holdup for horizontal flow (unit less) 
EL(θ)   Inclined Liquid holdup (unit less)  
fD  Liquid droplet Volume fraction (unit less) 
fG  Gas Volume fraction (unit less) 
fL  Liquid film Volume fraction (unit less) 
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g  Gravitational acceleration (m/s2)  
GD  Mass flux in droplet source (kg/m2.s) 
GG  Mass flux in gas source (kg/m2.s) 
GL  Mass flux in liquid source (kg/m2.s) 
h  Elevation (m)  
HD  Enthalpy of Droplet (kj/kg) 
HG  Enthalpy of gas (kj/kg) 
HL  Enthalpy of liquid (kj/kg))  
Hs  Enthalpy from mass sources (kj/kg) 
mD  Mass of Droplet (kg) 
mG  Mass of Gas (kg) 
mL  Mass of Liquid (kg) 
NFr  Froude number (unit less) 
Nvl  Liquid velocity number (unit less) 
P  Pressure (MPa) 
Q  Heat transfer from the pipe walls (kj/kg) 
R  Gas constant (J/mol.K) 
RH  Hydraulic radius for liquid including the interface (m) 
T  Temperature (K) 
t  Time (s) 
v  Mass volume (m3/kg) 
vD  Droplet velocity (m/s) 
vG  Gas velocity (m/s) 
vL  Liquid velocity (m/s) 
VL  Actual liquid velocity (m/s) 
Vns  non-slip velocity (m/s) 
sv   Slug frequency (s-1) 
Vsl  Superficial liquid velocity (m/s) 
z  Vertical dimension (m) 
 
Greek Letters 
α  Angle of inclination of the pipe (degree) 
β  Function of flow type 
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θ  Angle of inclination form the horizontal (degree) 
λ  Coefficient of hydraulic drag of the liquid in gas-liquid mixture in a stratified flow (unit less) 
λL  Liquid input volume fraction (unit less) 
σ  Gas-liquid surface tension (N/m) 
ρL  Liquid density (kg/m3) 
ρG  Gas density (kg/m3) 
ψd  Deposition flux (kg/m2.s) 
ψe  Entrainment flux (kg/m2.s) 
ψG  Mass flux between the phases (kg/m2.s) 
2. Multi-Phase Flow Simulation 
In order to simulate the pipeline as real as has been constructed in seabed and offshore platform, the 
changes of its elevation along whole distance with considering pipe material and insulation in different 
parts should be taken into account. Furthermore, all components based on accurate composition and 
equation of state would be entered the simulator to calculate the physical properties. In order to estimate 
fluid properties, Peng-Robinson equation of state (3) is used and in order for calculation of amount of 
slug accumulation, flow type, liquid holdup etc. Beggs & Brill correlation is utilized.  
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Most correlation for slug prediction are based solely on laboratory data, which means they are off 
limited use in design of pipelines in the filed. A few correlation methods have been presented based on 
field data. Two of those, Beggs and Brill correlation and Hill and Wood method have been used for slug 
length prediction. The Beggs and Brill method works for both horizontal or vertical flow and everything 
in between. It also takes into account the different horizontal flow regimes. This method uses the general 
mechanical energy balance and the average in-situ density to calculate the pressure gradient. Following 
parameters are used in the calculation to specify the flow type so that Froude number is defined as: 
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          4516.13 1.0
 lL O                       (8) 
 
          738.64 5.0
 lL O                       (9) 
 
Determining flow regimes: 
 
Segregated if; 
 
           lO  ¢ 0.01 and   NFr ¢  L1     or    lO ≥ 0.01  and   NFr ¢ L2    
 
Transition if; 
 
           lO ≥ 0.01     and      L2 ¢  NFr  ≤  L3 
 
Intermittent if; 
 
           0.01 ≤ lO ¢ 0.4   and    L3 ¢ NFr ≤ L1  
 
Or  
 
          lO ≥ 0.4   and    L3 ¢ NFr ≤  L4 
 
Distributed if; 
 
           lO ¢ 0.4   and    NFr  ≥  L1   or   lO  ≥ 0.4   and   NFr ² L4 
 
When the flow type has been determined then the liquid holdup can be calculated. Beggs and Brill 
divide the liquid holdup calculation into two parts. First the liquid holdup for horizontal flow, EL(0), is 
determined and then this holdup is modified for inclined flow. EL(0) must be greater than or equal to λL.  
 
For segregated flow; 
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For transition flow; 
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Where; 
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For intermittent flow; 
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For distributed flow; 
 
          
0609.0
5824.0065.1
)0(
Fr
l
L N
E
O                    (15) 
 
Once the horizontal in situ liquid volume fraction is determined, the actual inclined liquid holdup, 
EL(θ), is obtained by multiplying EL(0) by an inclination factor, B(θ). 
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θ is angle of inclination form the horizontal (degree) and β is a function of flow type, the direction of 
inclination of the pipe (up-flow or down-flow) and also the liquid velocity number (Nvl). 
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For uphill flow: 
 
 
Segregated flow; 
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Intermittent flow; 
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Distributed flow; 
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For downhill flow: 
 
All flow types; 
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In order to prevent hydrate formation and blockage of pipeline during the gas production, MEG is 
injected up to offshore with the pressure equal to injection point. Thermodynamic inhibitors would not 
affect the nucleation of hydrate crystals and their growth into blockage. They only change the pressure 
and temperature conditions of hydrate formation. With inhibition, the hydrate formation temperature will 
be lower or the hydrate pressure formation would be higher. Therefore, the operating conditions can be 
shifted out of stable hydrate region. Two kinds of thermodynamic inhibitors are commonly used: 
methanol and mono ethylene glycol (MEG), for oil systems methanol is used the most, instead gas 
pipelines normally uses MEG continuously because they are not insulated. Compared to methanol, MEG 
is less flammable, but is more expensive and less available. The composition of whole components which 
includes in the two phases fluid contains as 98.6% mole in vapour and 1.4% in liquid so that has 80.9% 
methane, 5.1% ethane, 1.5% water and etc. In order for estimation of the physical properties for the      
C6- C20 cuts, three known parameters such as critical temperature (TC), critical pressure (PC) and acentric 
factor (Z ) are entered as inlet data to PIPESIM to obtain three other key properties e.g. molecular 
weight, specific gravity and boiling point. These parameters also were estimated by ASPEN HYSYS 
(ver.2006) in order to compare between two simulators and obtain more reliability so that both groups of 
data were similar with low deviation between them. Table 1 indicates mentioned data. Figure 2 illustrates 
phase envelope curve for this kind of gas so that maximum temperature in order for hydrate formation 
adds up to 20°C at 125 barg.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Phase envelope of feed gas from offshore platform 
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Table 1. Characteristic of heavy components 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The conservation equations that are used to simulate the two phase flow comprise three continuity 
equations which are written for the gas, liquid bulk and liquid droplets and also one energy conservation 
equation is employed. The equations are coupled through the mass transfer rate between gas and liquid as 
well as the deposition and entrainment rates of liquid droplets. 
 
Gas Phase: 
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Liquid film at the wall: 
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     Liquid droplets: 
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Component B.P (°C) M.W Sp.Gr TC (°C) PC (bara) Z  
C6 cut 63.3 84 0.69 234.6 32.82 0.27 
C7 cut 91.1 96 0.72 269.0 31.51 0.31 
C8 cut 116.3 107 0.74 297.4 29.51 0.35 
C9 cut 142.1 121 0.76 325.1 27.37 0.39 
C10 cut 165.1 134 0.78 349.0 25.30 0.42 
C11 cut 187.7 147 0.79 370.1 23.51 0.48 
C12 cut 209.4 161 0.80 390.7 21.93 0.52 
C13 cut 228.4 175 0.81 409.0 20.75 0.56 
C14 cut 248.0 190 0.82 427.4 19.58 0.60 
C15 cut 267.9 206 0.83 445.7 18.48 0.64 
C16 cut 285.1 222 0.84 460.7 17.44 0.68 
C17 cut 302.5 237 0.85 476.2 16.55 0.72 
C18 cut 315.6 251 0.85 487.4 15.86 0.75 
C19 cut 327.9 263 0.86 497.9 15.24 0.78 
C20+ 369.5 385 0.85 530.0 11.18 0.79 
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Energy equation: 
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In order to simulate offshore pipeline and investigation of operational condition, input data should be 
entered in PIPESIM simulator, tables 2 and 3 show physical specification of sub-sea pipeline, riser and 
platform area with pipe coating data. 
Table 2. Pipeline characteristic in offshore and onshore 
 Offshore line Riser / Platform area 
Steel Grade (API 5L) X-65 
SMYS (MPa) 450 
Thermal conductivity (W/m.k) 45.35 
Thermal expansion coeff. (°C-1) 11.6 u  10-6 
Pipeline roughness (mm)  0.0254 
ID (mm) 771.6 
OD (mm) 812.8 829.2 
Wall thickness (mm) 20.6 28.8 
Table 3. Pipe coating data 
Pipe sections Coating type Thickness Thermal conductivity 
Aerial section Painted 1 mm 0.4 W/m.K 
Risers Neoprene 12 mm 0.33 W/m.K 
Concrete coating section Concrete 120 mm for depth 0-45 m 80 mm for depth ² 45m 2.2 W/m.K 
Corrosion coating for concrete 
coated Hot Bitumen 6 mm 0.4 - 0.69 W/m.K 
Offshore corrosion coating for 
non-concrete section 3 layer PE 3.5 mm 0.25 W/m.K 
Onshore pipeline 3 layer PE 3.5 mm 0.25 W/m.K 
Properties  Pipe 
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Table 4 depicts the characteristic of surrounded material and fluids in riser and flow line area which 
followed as: 
Table 4. Environmental data summary 
Characteristic Value 
Seawater density 1026 kg/m3 
Sea water thermal conductivity 0.59 W/m.K 
Seawater viscosity 1.05 m Pa.s 
Velocity at seabed 0.59 m/s 
Wind velocity 36.7 m/s 
Soil thermal conductivity 2.2 W/m.K 
3. Results and Discussion 
In recent paper, the 32 inch sub-sea pipeline which transfers sour wet gas from the offshore platform in 
Persian Gulf to the onshore is simulated by PIPIESIM so that variation of some operational parameters 
like inlet pressure versus total distance and flow rate, outlet temperature versus total distance in different 
gas flow rate and pipe diameters and also the changes inlet pressure with various flow rates in some pipe 
diameters are investigated. Table 5 shows summary of some gas physical properties which have been 
estimated by the simulator and have good agreement with the manufacturer's data while table 6 indicates 
slug value in front of pig sphere in riser so that increasing gas flow rate tends to push hold liquids to 
move along the pipeline thus most liquid holdup is seen at start-up time. Figure 3 shows the variation of 
gas pressure with flow 1000 MMSCFD after primary refinement at platform up to onshore facilities (from 
right to left) along the distance. 
Table 5. Feed gas properties summary 
Properties Value 
Molecular weight 21.81 gr/mol 
Higher heating value 45.17 MJ/Sm3 
Density 0.93 kg/m3 
Gas to liquid ratio 51836 Scf / Stb 
Table 6. Accumulated liquid by pig in riser at different flows 
Gas flow rate (MMSCFD) Liquid by sphere (m3) 
200 196.4 
300 175.5 
400 162.1 
500 153.4 
600 147.3 
750 141.4 
1000 132.0 
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Fig. 3. Variation of gas pressure along pipeline distance in 1000 MMSCFD 
As assumed based on design, outlet gas pressure in onshore should be 74 barg which is the point that 
all curves have conjunction with in figure 4, thus variation of inlet pressure to sub-sea pipeline is 
investigated in different flow rates. As illustrated in figure 4, the gas pressure along the pipeline is 
decreased based on Darcy correlation, even though as soon as gas flow rate is increased pressure 
differential between offshore and onshore as slop of curve will be enhanced (as is illustrated from the 
lowest curve up to the highest). Therefore, in full load (1000 MMSCFD) the pressure after chock valve is 
almost 114 barg which is equal to 40 bar pressure drop through the pipeline.  
 
 
Fig. 4. Variation of gas pressure along distance in different flow rates 
As was mentioned in figure 4, by increasing gas flow rate the pressure differential between the source 
and the sink will be raised, in the figure 5 the variation of pressure versus various flow rates in different 
pipe diameters is depicted. These curves indicate the value of inlet pressure in some operational 
conditions (full load, turndown, etc.). Apparently, in the time that gas is being producing in lower rate, the 
pressure at downstream of chock valve might be less than the higher flow rates. For example, for the 
pipeline of this study with internal diameter 30 inch (circle dotes) in 500 MMSCFD, the pressure would 
be 87 barg. Rise in pipe diameter causes inlet pressure to transfer line is fallen so that for 40 inch diameter 
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pipeline in 1000 MMSCFD, it tends to 86 barg that adds up to 30 bar pressure differential compared with 
the 30 inch pipeline.  
 
 
Fig. 5. Variation of gas pressure versus flow rate in different pipe diameters 
Figure 6 shows the variation of gas temperature along the pipe for different flow rates. Obviously, 
when the gas flow rate is increased its temperature will be more at onshore. With considering constant 
condition for air and water temperature, because in higher flow rates more mass of gas has heat transfer 
with surrounded environment, thus temperature drop would be less in comparison with lower flow rates. 
For 1000 MMSCFD, this difference is about 41°C while for 250 MMSCFD the outlet temperature is 
approximately 18°C (ΔT = 56°C ) that is located in hydrate formation area, therefore at the beginning of 
start-up in lower gas flow rate, injection of hydrate inhibitor must be increased in order to prevent 
pipeline blocking. Also by decreasing flow rate, the curves approach to parabolic shape. 
 
 
Fig. 6. Variation of gas temperature along distance in different flow rates 
The change of gas temperature along the distance based on different pipe diameters for              
1000 MMSCFD in figure 7 is illustrated. Apparently, change of pipe diameter doesn't have significant 
effect on temperature slop so that up to 35 kilometres from the offshore platform, temperature is almost 
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constant and equals 55°C. This matter indicates variation of temperature will be constant for all diameters 
and there is just 4°C temperature drop from 35°C in 40 inch pipeline up to 31°C in 28 inch pipe. This low 
drop in temperature is because of more heat transfer between gas and sea water at the higher elevations 
not as a result of change in pipe diameter so that lower flow has more temperature drop than the higher 
gas flow. 
 
 
Fig. 7. Variation of gas temperature along distance in different pipe diameters 
Figure 8 depicts gas temperature versus pipeline elevation through its route so that there is no 
noticeable difference in temperature between the flow rates when gas flows along the riser with length of 
80 meter (15 meter from platform to up and 65 meter from platform to seabed) toward seabed, this matter 
is even sensitive up to 7.5 kilometres from offshore platform but after this distance because of decrease in 
elevation, there is dominant temperature drop which in lower flow rates is more significance. Also as a 
result of more width of insulation for concrete coated section up to 45 meter under sea level (120 mm), 
temperature drop rate is much lower than the depth which is more than 45 meter with 80 mm width of 
insulation.  
 
 
Fig. 8. Variation of gas temperature versus elevation in different flow rates 
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4. Conclusion 
This study discusses about various flow patterns and investigates different operational conditions for a 
sub-sea pipeline which has been located in Persian Gulf to transfer the sour gas to the onshore plant so 
that Beggs and Brill correlation predicts the conditions of line well, by increasing flow rate because of 
more energy that gas forces to liquid the amount of holdup and slug is decreased so that from              
200 MMSCFD up to 1000 MMSCFD this value is almost fallen 32% in the riser. The most gas flow rate 
has the most pressure drop along the distance also the changes of pipe diameter don't affect on gas 
temperature along the distance while flow rate change has obvious effect on it. Our results could help the 
designers and manufacturers in order to obtain the most proper pipe diameter and the insulation as well as 
to estimate amount of liquid holdup for start-up team.   
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